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SPECIFICATION 

A helicopter weight and torque system 

5 Background of the invention 

The invention relates to a helicopter advisory system 
and more particularly, but not byway of limitation to 

EES f emn9 10 P erform ance hook uptables 
andchartsforavailableenginetorqueand 
25 P^ormance data. This process is time consuming 
• tr S 1™ andsub iectto error which contrZte's 

30 copS 

ncorporatetheuseof-realtime-inputsfor 
temperature and altitude to compute and displav 
engine torque available. anoaispiay 

« J^? 6 - * he,, ' c °P terw eightandtorque advisory 
fnHr e !!" ,natestheabove - menti oned P roblems 
andprovdesuniquefeaturesand advantages 

40 Summary of the invention 

Thehelicopterweightandtorqueadvisorvsvstem 

K? Processor unit and a remote display unit 
45 a rtemni P r er ' a '° n9 with si 9 n al S from theouSde 
45 ^te/nperature^ressurealtitude.fuelflowand 

nooHn fl T temS the eXtemal s,i "9 1 °™ irg 0 

S6nSOrS 3re fed int0 the co "fol panel 
processor unit 

c « u r. rl0rt0liftin9anexternal cargo load the subierr 
SOhehcopte^^^ 

drsp^ystothepilottheavailableengYnetorqueand 
then dunng the lifting of an external cargo load it will 
d.splay ,n realtime the helicoptergrossweightand s 
total sl.ng load weight. Further, the system wil aSJise 

Sis ZTTll^ Cent6r ° f 9ravit V' orahookload 
•m.t is eached. Afterthe load has been safely lifted 

thesubject system will advise thepilotastowhathls 
eosh^Tr^^ 

end" an- ^ ma * imUm ™9» and maximum 
endurance operations based on actual external load 

status of anti-ice system. Adedegration in 
performanceexistswhentheengineanti-ice system 
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volatile memory. Total fuel weight is entered 

full. The rema.ningfuel value is automatical^ 
£T ted Pr ° CeSSOr c °ntinuo^s,ythlohout 

80 T^h^ 

ifted, and manually input projected altitude 

so sgas5s-si=5sS 

95 the appropriate engine which is retained \in nl^ 
automaticallyforfuturemissions ' 6m0ry 

Upon com mand the system will display "real time- 
fuel rema.ning, fuelflow rate, altitude temoeraw 

105 The control panel portion of the control oanel a„H 
processorunitconsistsofanON/OFFS^^ 

toad% s ,7S es ' h 6 - imernal car9 ° ,oad («SMSq 

DEsKSft de "? ,net ° rqueatdesti "ation 9 
ENtI^ 

ENTER, and a remote display brightness control 
The remote display unit interfaces only with the 
115 control Panel and processor unit. Its d^ consL 

ofthreelineswitheachlinecapableofdMayingfo^ 
alpha-numeric characters. H y 9 rour 

nJl 6 rem ° te diSP ' ay unit and contr °l Panel and 
Pr?cessorun.taresmallformaximumutili Z ationof 
120 axistingavailablespacewithoutdisturbingo nTr 
equipment in the helicopter's cockpit 

The advantages and objects of the invention will 
become evident from the following detailed 

125 xr a ^^ 

preferred embodiments of the invention. 
Brief description of the drawings 
130 Figure 'illustrates me display arrangement of the 
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remote display unit. 

Figure 2 illustrates the control panel of the control 
panel and processor unit. 

F/flrure 3 illustrates a cockpit of a helicopter with the 
5 remote display unit and control panel and processor 
unit. 

Figures 4A and 4B illustrate a system diagram of 
the advisory system and the control panel and 
processor unit and remote display unit electronic 
10 components. 

Figures 5 A , 5B f 5C, 5D, 5E t 5F a n d 5G i 1 1 u str ate th e 
display formats when the on/off switch is engaged. 

Figures 6A, 6B, 6C, 6D, 6E, 6F and 6G illustrate 
exam pie displays when the on/off switch is eng aged. 
15 Figures 7A and 7B illustrate the display formats 
when the internal load switch (INTL) is engaged. 

Figures 8A , SB a nd 8C i 1 1 u strate exa mpledisplays 
when the internal load switch (INTL) is engaged. 
Figures 9A and 9B illustrate the display formats 
20 when the sling load switch (SLING) is engaged for 
external load lifting operations. 

Figures 10A, 705 and 10C illustrate example 
displays when the sling load switch (SLING) is 
engaged for external load lifting operations. 
25 Figures 11 A and 11B illustrate display formats 
when the sling load switch (SLING) isengagedfor 
maximum range and endurance operations. 

Figures 12A and 12B illustrate example displays 
when the sling load switch (SLING) is engaged for 
30 maximum range and endurance operations. 

Figures 13A and 13B illustrate the display formats 
when the destination switch (DEST) is engaged. 

Figures 14A and 14B illustrates the example 
displays when the destination switch (DEST) is 
35 engaged. 

Figure 15 illustrates the location of cargo 
compartments in an example application using a 
CH-47D helicopter. 
Figure 76 illustrates the location of the external 
40 cargo hooks on the CH-47D helicopter. 

Detailed description of the drawings 
In Figure 1 the remote display unit display is 

designated by general reference numeral 1 0. The 
45 display 10includes three lines 12 f 14and 16 each 

capable of displaying four alpha-numeric characters. 
In Figure 2, the control panel and processor unit 

control panel is shown and designated by general 

reference 18. The control panel 18 includes an on/off 
50 switch 20 and three display mode switches, internal 

load (INTL) 22, sling load (SLING) 24 and destination 

(DEST) 26. 

A second line includes a recall (RCL) key 28, test key 
30 and calibration (CALB) key 32. Further a third line 

55 includes three data entry keys, CHANGE 34, SCROLL 
36 and ENTER 38. On the control panel 18 a display 
brightness control knob 40 is included for regulating 
the brightness from the remote display (10). 
Illustrated in Figure 3 is a cockpit of a U.S. Army 

60 CH-47D helicopter showing where typically, the 
remote display unit 10 and the control panel and 
processor unit 1 8 can be mounted. The remote 
display unit and control panel processor unit are 
small enough for potential installation in existing 

65 space without disturbing the variousequipment used 



in a helicopter's cockpit. 

In Figure 4A a system diagram is shown which 
illustrates the interface between the helicopter 
weight and torque advisory system designated by 

70 general reference numeral 42 and other helicopter 
systems. In this diagram, the remote display unit 10 is 
shown connected to the control panel and processor 
unit 18 via lead 43. The unit 18 is connected via lead 44 
to lead 45 which is attached to the fuel flow inducting 

75 system. Lead 44 is also connected to lead 46 attached 
to the outside air temperature sensor system, to lead 
48 attached to the altitude indicating system, to lead 
50 attached to the cargo hook load sensors, to lead 52 
attached to the electrical power system, to lead 54 

80 attached to the cockpit dimmi ng control switch and to 
lead 55 attached to the engine anti-ice system. 

In Figure 4B the example CH-47D system interface 
with the control and processor unit 18 is shown for 
storing and calculating the helicopter available 

85 engine torque, gross weight, gross weight center of 
gravity, weight supported by cargo hooks, and torque 
and fuel flow rate for maximum range and endurance 
time performance. The cargo hook load sensors, fuel 
flow and outside air temperature systems are 

90 connected to an analog to digital converter with 
multiplexer 56 via leads 45, 46 and 50. The converter 
56 is connected to a processor board 58 which in turn 
is connected to drivers 60. The pressure altitude and 
anti-ice systems are connected directly to the 

95 processor board 58 via leads 48 and 49. A keyboard 62 
of the unit 18 is connected to an encodes 64 which in 
turn is connected to the processor board 58. The 
drivers 60 are connected to receivers 66 in the remote 
display unit 1 0. The receivers 66 are connected to a 
100 digit multiplexing control 68 and a serial parallel 
converter 70. The control 68 is connected to digit 
drivers 72 and the converter 70 is attached to segment 
drivers 74. The drivers 72 and 74 are connected to the 
display module 76. 
1 05 Referring now to Figure 5A a nd prior to the start of a 
mission, the operator turns the system on using the 
on/off switch 20 on the control panel 1 8. The display 
1 0 will indicate the full fuel weight on the first line 1 2, 
pressure altitude on the second line 14 and the 
110 outside airtemperature on the third line 16. Ifthefuel 
gauge indicates less than full the operator must input 
the indicated fuel gauge value into the system. The 
system will then automatically adjust the displayed 
total fuel remaining as fuel is consumed by the 

1 1 5 engines. The displayed altitude and temperature 
should agree with the altimeter and outside air 
temperature instruments. 

The operator would press the SCROLL key 36 on the 
control panel 18 to view the fuel flow rate Figure 5B, 

1 20 which should agree with the fuel flow instrument, and 
the anti-ice system status display, Figure 5C, which 
will indicate anti-ice system on or off. 

The data entry keys on the control panel 1 8, i.e., 
CHANGE 34, SCROLL 36, and ENTER 38 are used to 

125 change the displayed data. The process for entering 
or updating the displayed data consists of pressing 
the change key 34 which starts the cursor of the 
display unit 1 0 blinking at the first data character 
position. If no change is required at this position, the 

130 operatorthen presses the enter key 38 and the cursor 



will shift to the next character position. If a character 

hI°*rVnn ? d °o Upd8ted ' the °P er atorthen presses 
S R °LLkey36tobring up the desired character 
and then the ENTER key 38 is pressed. The cursor will 
5 automatically at the end of the line, skip to the first 
data character on the next line. 
The manual inputs stored in the non volatile 

the SCROLLkey36onthecontrol panel 18.Thestored 
10 data consists of the helicopter operating weight (zero 
fuel and pay load). Figure 5D, the operating weight 
center of gravity, (balance location), Figure 5E, the 
reservefuel level. Figure 5F. 
The reservefuel level, Figure 5Fis inputed by the 

15 operatorand will automatically appearandflash 
when reached. The default reserve fuel level is zero 

If a helicopter model series has differenttypes of 
engines, differenttypes of performance data will be 
required in the memory. Figure 5G is used to identify 

20 thetype of engines usedforperformance 
computation. 

Figures a, b, 6C, 6D, 6F and 6G are examples of the 
display formats that would appear when the system 
« turned on and the SCROLL key is used to bring up 

25 displays. The original display format 5A will appear 
after the SCROLL key is used when Figure 5G is 
displayed. 

The operator must manually enter the internal 

•?n S ° ad Tit' 9 ** int ° the System Passer Pnorto 
30 the lifting of the external sling load. This is 

accomplished byfirstengaging the INTERNALLOAD 
switch 22 on the control panel 18 which brings up 

^f/L gUre7A 3nd then usin 9 tne data entry keys 
CHG 34, SCROLL 36 and ENTER 38. The system 

35 automatically distributes the displayed internal cargo 
load weight evenly over the internal cargo 
compartments C, D and E which are shown in Figure 
1 5. This weight distribution may be viewed by 
pressing the SCROLL key and the display format 

40 would be as shown in 7B. If the internal cargo load 
weight is not distributed evenly, the operator would 
enter the unevenly distributed load by cargo 
compartment, into the processor using theSCROLL 
key 36 to bring up Figure 7B format and the data entry 
45 keys CHG 34, SCROLL 36 and ENTER 38. Figures 8A 
and 8B illustrate an example of a 16,000 pound 
internal payload evenly distributed and Figure 8C 
illustrates a non-evenly distributed internal payload 
Pnorto lifting an external load, the operator would 
50 engage the sling load switch (SLING) 24. The display 

formatthat will appear is shown in Figure 9A. As the 
external sling load is raised, the helicoptergross 

weightshown in the lastthree positions of line12of 
the display 10 would increase, as well asthetotal 
55 sling load weight shown in the lastthree positions of 
line 14 of the display 1 0. 

Theengine torque availablefora limited time 
duration is displayed in thefirst two positions of line 

1 6 of the display 1 0 and the engine torque available 
60 forsustained operation is displayed in the lasttwo 

positions of line 16 of the display 10 as shown in 
Figure 9A. These displayed torque available values 
automatically change as the outside air temperatures 
and pressure altitude change. 
65 An example display without adverse helicopter 



centre of gravity of hook load condition is shown in 
Figure! OA. 

If the helicopter gross weight limit is exceeded the 

d.splayedgro S sweight,lastthreepositionsofline12 
70 on display 1 0 Figure 9A would flash. If an adverse 

helicopter balance (centerof gravity) condition 
occurs,a "F"forforward CG limit condition of an "A" 
for aft CG limit condition would appear in thefirst 
position of line 12 of the display 10 Figure 9A and the 
75 entire line would start flashing. If the weight limit of 
an external cargo hook, 76, 78 or 80 shown in Figure 
1 6 is exceeded when lifting a load, the hook that is 
overloaded will appear in the first position of line 1 4 
«n ? f ?£r. y 10 Fi 9 ure 9Aandtheentire line 14ofthe 
80 display 1 0 Figure 9A will flash. An "A" in the first 
position would indicate forward hook 76 "C'the 
center hook 78 and "D" the aft hookSO. An example 
display of showing the helicopter forward GC limit 
exceeded and the forward cargo hook overload is 
85 shown in Figure 10B. 

To viewthe individual sling load weights, the 
operator would press the SCRO LL key 36 a nd the 
display format 9B displaying the individual loads 
support by each hook would be displayed. Line 12 of 
90 display 10 in Figure 9B indicates theforward hook 
position(F) and the weight it is supporting. Line 14of 
display 10 in Figure 9B indicates the center hook 

w^r^^'^^^^'^^^PP 0 ^- Line 16of 
95 SSI? m ? B indicat esthe aft hookposition 

95 A)andthewe.ghtitissupporting. If any of the hook 
load weight limits are exceeded the weight valueand 
its hook identification symbol (F,C,A) would flash. An 
example display is shown in Figure 10C. 

,™ TI ? escrollke y is P r essedagaintoviewtheoptimum 
100 enginetorque, line 12of display 10,andthe 

associated engine fuel flow rate, line 14 of display 10 
for maximum range, as shown in Figure 1 1 A The 
available engine torque for limited time and extended 
lnc *'™ e operation will be displayed on line 16 of display 
105 10, as shown in Figure 1 1 A. An example display for 
maximum rangeis Figure 12A. The SCROLL key is 
pressed again to bring up the optimum engine 
torque, line 1 2 of display 1 0 and the associated engine 
fuelflowrate,line14ofdisplay10formaximum 
no endurance time, as shown by Figure 1 1 B. The 

available engine torque for limited time and extended 
operations will be displayed on line 16 of display 10 
as shown in Figure 1 1 B. An example displayfor ' 
maximum endurance time is Figure 12B 
1 1 5 Q A T °u etUrn *° the oriainal sl, 'ng load format display 

9A,theoperatorwouldpressthesling load switch 
(SLING) 24. 

The destination switch (DEST) is used to determine 
theengmetorqueavailableversusenginetorque 
120 required at the mission destination point based on 
the operating weight, and internal load in the systems 
processor's memory, the actual sling load, and the 
manually input anticipated remaining fuel weight 
altitude and temperature at the mission destination 
125 Point. When the destination switch 26 is engaged the 
previously entered anticipated destination, altitude 
and airtemperatu re would be displayed as shown in 
Figure 13A and in the example Figure 14A. These 
values may be changed by the operator using the 
130 data entry keys. Next, the operator would press the 
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scrol I key 36 to display the previously entered 
anticipated remaining fuel at destination value. This 
value may be changed by the operator using the data 
entry keys. The destination remaining fuel value is 
5 shown on line 14of Figure 13B and in the example 
Figure 14B. 

The available and required engine torque at 
destination are displayed on the third line 1 6 as noted 
in Figure 13Band 14B.The required torque will flash if 

10 it exceed available torque. 

The recall key RCL 28, on the control panel 18, is 
used to display the same data that appears when the 
system is turned on (Figure 5). Thetest key, TEST 30, 
is used for built-in-test purposes. The calibration key 

1 5 CALB 32, is used to calibrate the system processor 
with the signalsfrom each external cargo hook load 
cell, fuel flow system and altitude and air temperature 
indicators. 

Changes may be made in the construction and 
20 arrangement of the parts or elementsof the 

embodiments as described herein without departing 
from the spirit or scope of the invention defined in the 
following claims. 

25 CLAIMS 

1 . A hel icopter weight and torque advisory 
system connected to a helicopter's power source, 
cargo hook load sensor, fuel flow indicating system, 

30 outside air temperature gauge, pressure altitude 
gauge and anti-ice system and operated by one of the 
helicopter's personnel, the system including : 

a control panel and processor unit adapted for 
connection to the aircraft's power source, cargo hook 

35 load sensors, fuel flow indicating system, outside air 
temperature gauge, pressure altitude gauge and 
anti-ice system, the control panel and processor unit 
including a computer and necessary memory for 
storing and calculating the helicopter's remaining 

40 fuel weight, fuel flow rate to each of the helicopter's 
engines, reserve fuel level, operating weight, 
operating weight center of gravity, available engine 
torque and individual weight supported by each of 
the helicopter's cargo hooks as an external load is 

45 raised and by each of the hooks of the helicopter; and 
a remote display unit connected to the processor unit, 

the display unit displaying the helicopter's 
remaining fuel weight, fuel flow rate to each of the 
helicopter's engines, reserve fuel level, operating 

50 weight, operating weight center of gravity and 
available torque for a limited time operation and 
available torque for a continuous operation. 

2. The system as described in Claim 1 wherein the 
remote display un it displays if the anti-ice system is 

55 on or off. 

3. The system as described in Claim 1 wherein the 
remote display unit displays type of engine of the 
helicopters. 

4. The system as described in Claim 1 wherein the 
60 control panel and processor unit stores and 

calculates internal loads in individual compartments 
and the remote display unit indicates if the internal 
loads are evenly distributed or non-evenly distributed 
in the compartments. 
65 5. The system as described in Claim 1 wherein the 



remote display unit displays individual external loads 
supported by a forward hook, a center hook and an aft 
hook of the helicopter, the control panel and 
processor unit stores and calculates when external 
70 load limits are reached and the remote display unit 
visually flashing when each of the hook load limits are 
reached. 

6. The system as described in Claim 5 wherein the 
remote display unit displays total gross weight of 

75 helicopter as external cargo is lifted, total weight of 
external load and available torque for limited and 
continuous operation. 

7. The system as described in Claim 1 wherein the 
remote display unit displays enginetorque required 

80 for maximum range as a function of fuel remaining, 
cargo load and available torque for limited operation 
and continuous operation. 

8. The system as described in Claim 1 wherein the 
remote display unit displays altitude at destination, 

85 outside air temperature at destination, remaining fuel 
at destination and torque available and required at 
destination for limited time operation based on the 
actual external load projected altitude, temperature 
and remaining fuel at destination. 

90 9. A helicopter weight and torque advisory 
system connected to a helicopter's powersource, 
hook load sensor, fuel flow indicating system, outside 
airtemperature gauge, pressure altitude gauge, 
internal load sensor and anti-ice system and operated 

95 by one of the helicopter's personnel, the system 
including: 

a control panel and process unit adapted for 
connection to the aircraft's powersource, cargo hook 
load sensors, fuel fldw indicating system, outside air 

1 00 temperature gauge, pressure altitude gauge and 
anti-ice system, the control panel and processorunit 
including a computer and necessary memory for 
storing and calculating the helicopter's remaining 
fuel weight, fuel flow rate to each of the helicopter's 

105 engines, reserve fuel level, operating weight, 

operating weight center of gravity, enginetorque, 
total gross weight of helicopter as external cargo is 
lifted by each of the helicopter's cargo hooks and 
available torque for limited and continuous operation 

1 10 when carrying the external load; and 

a remote display unit connected to the processor 
unit, the display unit displaying the helicopter's 
remaining fuel weight, fuel flow rate to each of the 
helicopter's engines, reserve fuel level, operating 

1 1 5 weight, operating weight center of gravity, individual 
externa! load supported by each of the helicopter's 
hooks and available torque for a limited time 
operation and available torquef or a continuous 
operation when carrying the external load. 

120 10. The system as described in Claim 9 wherein 
the remote display unit displays torque required per 
engine for a maximum range as a function of fuel 
remaining, fuel flow rate per engine and available 
torque for limited operation and continuous 

1 25 operation when carrying the external load. 

1 1 . The system as described in Claim 9 wherein 
the remote display unit displays altitude at 
destination, outside airtemperature at destination, 
remaining fuel at destination and torque available at 

1 30 destination based on the external load carried. 
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12. Ahelicopterweightandtorqueadvisory 
system substantially as hereinbefore described with 

drawings ^ 38 illUStrated in ' the acc ompanying 
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